Acetaminophen activation by human liver cytochromes P450IIE1 and P450IA2.
Acetaminophen (APAP), a widely used over-the-counter analgesic, is known to cause hepatotoxicity when ingested in large quantities in both animals and man, especially when administered after chronic ethanol consumption. Hepatotoxicity stems from APAP activation by microsomal P450 monooxygenases to a reactive metabolite that binds to tissue macromolecules, thereby initiating cellular necrosis. Alcohol consumption also causes the induction of P450IIE1, a liver microsomal enzyme that in reconstitution studies has proven to be an effective catalyst of APAP oxidation. Thus, elevated microsomal P450IIE1 levels could explain not only the known increase in APAP bioactivating activity of liver microsomes after prolonged ethanol ingestion but also the enhanced susceptibility to APAP toxicity. We therefore examined the role of P450IIE1 in human liver microsomal APAP activation. Liver microsomes from seven non-alcoholic subjects were found to convert 1 mM APAP to a reactive intermediate (detected as an APAP-cysteine conjugate by high-pressure liquid chromatography) at a rate of 0.25 +/- 0.1 nmol conjugate formed/min/nmol microsomal P450 (mean +/- SD), whereas at 10 mM, this rate increased to 0.73 +/- 0.2 nmol product/min/nmol P450. In a reconstituted system, purified human liver P450IIE1 catalyzed APAP activation at rates threefold higher than those obtained with microsomes whereas two other human P450s, P450IIC8 and P450IIC9, exhibited negligible APAP-oxidizing activity. Monospecific antibodies (IgG) directed against human P450IIE1 inhibited APAP activation in each of the human samples, with anti-P450IIE1 IgG-mediated inhibition averaging 52% (range = 30-78%) of the rates determined in the presence of control IgG. The ability of anti-P450IIE1 IgG to inhibit only one-half of the total APAP activation by microsomes suggests, however, that other P450 isozymes besides P450IIE1 contribute to bioactivation of this compound in human liver. Of the other purified P450 isozymes examined, a beta-naphthoflavone (BNF)-inducible hamster liver P450 promoted APAP activation at rates even higher than those obtained with human P450IIE1. The extensive APAP-oxidizing capacity of this hamster P450, designated P450IA2 based upon its similarity to rat P450d and rabbit form 4 in terms of NH2-terminal amino acid sequence, spectral characteristics, immunochemical properties, and inducibility by BNF, agrees with previous reports concerning the APAP substrate specificity of the rat and rabbit P450IA2 proteins.(ABSTRACT TRUNCATED AT 400 WORDS)